the evolution of discrimination, is variation in sperm swimming effort ( Figure 2B ). But this is speculative, at best. Clearly, there is much about sperm sociality that we have yet to understand [4] . Nevertheless, the discovery of kin discrimination in sperm suggests a new synthesis in which the study of sperm competition can inform kin selection theory and vice versa. Studies that bridge the fields of sexual selection and social evolution are frustratingly rare, but sperm trains present fertile ground for the future. 1 Center for Systems Biology, Harvard University, Cambridge, Massachusetts, USA. 2 The development and function of lymphocytes depend upon their precise migration in response to chemoattractant cytokines, or chemokines. Two recent reports suggest that, during thymic b-selection, the binding of the chemokine CXCL12 to the receptor CXCR4 on thymocytes provides not only directional but also developmental cues.
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T-lymphocyte development is a spatially complex process in which bone-marrow-derived hematopoietic precursors migrate via the bloodstream to the thymus, where they progress through sequential developmental stages and checkpoints in distinct thymic microenvironments, before exiting the thymus to perform immune functions (reviewed in [1] [2] [3] ). While it is not surprising that thymic development should depend on chemokines -chemoattractant cytokines that entice lymphocytes and their precursors to specific locations in the body (reviewed in [4] ) -recent complementary results from two groups [5, 6] demonstrate that the chemokine CXCL12 (also known as stromal cell-derived factor 1 or SDF-1) is pleiotropic, and not only acts as a traffic warden, ushering T-cell precursors to environments where necessary factors are present, but also provides developmental cues.
The adaptive branch of immunity in jawed vertebrates recognizes pathogen determinants via a vast repertoire of three types of somatically generated cell surface receptor -the ab T-cell receptor (TCR), the gdTCR, and the B-cell receptor (reviewed in [7] ). ab T cells develop in the thymus and initiate and orchestrate most adaptive immune responses [8, 9] . The TCRb locus, encoding the b chain of the heterodimeric abTCR, undergoes somatic gene rearrangement soon after precursors enter the thymus at the junction between the cortex and the medulla [10, 11] . If the rearrangement is productive and results in a functional TCRb protein, a thymocyte proliferates in the subcapsular zone of the thymic medulla, then progresses to the thymic cortex for the next developmental stage, characterized by termination of further TCRb rearrangement and initiation of TCRa rearrangement (reviewed in [12] ). Those thymocytes that succeed in expressing a functional abTCR heterodimer at the cell surface then undergo positive and negative selection and exit the thymus to form a peripheral repertoire of ab T cells, which are mostly tolerant of self-derived determinants and biased to recognize non-self peptides presented by self major histocompatibility molecules (reviewed in [2] ).
The developmental progression and cell division of only those thymocytes with productively rearranged TCRb loci to the stage of TCRa rearrangement is termed b-selection, a process which increases the efficiency of ab T-cell development and promotes the pairing of TCRb with multiple TCRa chains [13] . b-selection is mediated by the pre-TCR a chain, a transmembrane glycoprotein which, with the nascent TCRb, forms a heterodimer termed the pre-TCR (reviewed in [14] ). This complex can convey its cell-surface expression to the thymocyte by signaling in an apparently ligand-independent manner (reviewed in [2] ). Pre-TCR signaling, however, is not the only requirement for b-selection: the binding of Delta-like ligand 4 (Dll4) to the Notch1 receptor on thymocytes is required for survival, proliferation, and differentiation of thymocytes [15] , while the interaction of the interleukin-7 (IL-7) receptor, c-Kit and Flt3 with their respective ligands is also required for survival, proliferation, and differentiation (reviewed in [1] ).
While thymic development was initially studied in ex vivo three-dimensional re-aggregated thymic cultures, a more reductionist system has been described that supports the in vitro differentiation of thymocytes starting from the earliest precursors toward and continuing past b-selection [16] . In this system, precursors are cultured on a two-dimensional monolayer of OP9 stromal cells transfected with the Delta-like ligand Dll1 (a surrogate for Dll4), in the presence of cytokines. Thymocytes do not develop in vitro in the absence of stromal cells [16] , and other factors necessary for b-selection that are provided by OP9 cells were until recently unknown. Now the new findings [5, 6] show that the chemokine CXCL12, acting upon thymocytes expressing the receptor CXCR4, is one such factor, acting not only in vitro but also in vivo. This effect of CXCL12 could only be uncoupled from its chemoattractant function using the two-dimensional, single-environment OP9-DL1 system, in which the effect of cell migration is eliminated.
Trampont et al. [5] use a conditional knock-out approach to selectively ablate the expression of CXCR4 in developing thymocytes just prior to b-selection, because a germline CXCR4 knock-out results in embryonic lethality with defects in multiple organs. The authors find that CXCR4-deficient thymocytes appear lost in the thymic medulla, and fail to home to the subcapsular zone as in wild-type mice (Figure 1 ). Many of them are apoptotic, which may be a result of CXCR4 signal deprivation or of mislocalization in the thymus. In order to clarify this issue, the authors culture precursors from the bone marrow in vitro on OP9-DL1 cells, and find that CXCR4-deficient precursors exhibit a partial developmental block at b-selection, with fewer cells progressing to the next stage, suggesting a direct role for CXCR4 in promoting thymocyte survival, proliferation, and/or differentiation. Consistent with a survival defect, CXCR4-deficient thymocytes fail to upregulate the pro-survival molecule Bcl2-2A1. Although no defect in thymocyte proliferation is detected in vivo, proliferation is impaired ex vivo. The in vitro experiments clearly separate the defect in chemotaxis from the developmental effect of CXCR4 signaling in thymocytes, although it remains to be formally shown what combination of survival, proliferation, and differentiation is promoted by CXCR4 signaling.
In a complementary approach, Janas et al. [6] examine genetically the requirement for isoforms of phosphatidylinositol (PI) 3-kinase subunits in b-selection, and determine Precursors enter the thymus near the cortico-medullary junction and upregulate CXCR4, which binds CXCL12. Thymocytes then migrate to subcapsular medulla where they undergo b-selection, receive further signaling through CXCR4 and expand, then downregulate CXCR4 and migrate to the cortex. In the absence of CXCR4, thymocytes congregate in the medulla and undergo increased apoptosis.
that signaling by both the p110g and p110d isoforms is necessary. Using a pharmacological inhibitor they identify CXCR4 as the cell-surface receptor responsible for activation of PI 3-kinase in thymocytes. Examining the embryonic thymi of CXCR4 2/2 mice they note a decrease in thymocyte number at all stages of development, with the defect exacerbated at stages after b-selection, implying a developmental block. In testing whether CXCL12 is the only factor necessary for b-selection provided by OP9 cells, the authors find that a combination of recombinant CXCL12, Dll4, IL-7 and Flt3 ligand allows some progression past b-selection in vitro in the absence of stromal cells. Cell yields are low compared with OP9-DL1 cultures, however, and it is likely that other factors play a role.
Although CXCR4 has previously been shown to function in B-cell development [17, 18] and to augment mature T-cell activation [19] , the recent work outlined here marks a new advance in our understanding of ab T-cell development by identifying yet another receptor-ligand pair involved in b-selection. The list of components of the thymic microenvironment necessary to support passage through this key checkpoint is still clearly incomplete -perhaps other G-protein-coupled receptors could be involved. However, the first description of an accessory cell-free system to support b-selection to any extent is an important step in allowing the study of the molecular components of thymic development.
In addition, these findings underscore the pleiotropic nature of chemokines. Cryptic messages are the stuff of spy novels, but they also exist in nature. Such signals have evolved to be salient to preferred receivers, but less obvious to others, including humans. A study reported recently in Current Biology by Ulrike Siebeck and colleagues [1] takes advantage of the pugnacious, resource-defending behaviour of territorial coral reef fish to probe the potential value of hidden signals in species recognition. Ambon damselfish (Pomacentrus amboinensis) are common yellow-brown teleosts that live amongst coral, sharing their living space with closely related lemon damselfish (P. moluccensis). To us, these species look remarkably similar. Typically, ambon damselfish react strongly to the intrusion of conspecifics into their territories as they represent the greatest threat to resources, whether space, food or mates. Critically, ambon damsels appear to use the spatially complex ultraviolet (UV) reflecting patterns on the faces of intruders (Figure 1 ) when identifying
